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INTRODUCTION 

The Fermilab Physics Section has provided an automated 
gas system for the E799 wire chamber Transition Radiation Detectors 
(TRDs) [ll. Its design is described, and the results of operation are 
presented. The system provides for (I) mass-flow gas mixing, (2) 
mixture recirculation, (3) gas pressure regulation to 0.01 “Ha0 in the 
TRDs, (4) online repurification and (5) recovery of contaminated 
mixtures that cannot be purified online. Signals from several flow 
and pressure transducers are used to generate alarms and limits in 
interlock hardware. The system is self-compensating within specified 
limits, and it automatically shuts down if these limits are exceeded. 
A significant part of the conceptual design is derived from the 
Synchrotron Radiation Detector gas system for the AMY experiment at 
TRISTAN 121. 

TRD CONSTRUCTION 

Three TRD chambers are used for electron identification 
in E799. Each chamber is preceeded by a radiator made from a layer 
of polypropylene felt. The photons produced in the radiator have an 
average absorption length of I cm in the TRD gas. A cross sectional 
view of TRD chamber construction is shown in fig. 1. Most of the 
primary ionization occurs in the 15 mm long gap between aluminized 
mylar cathode “Al” and wire plane grid “C”. This cathode is operated 
at -5000 V, and the grid is operated at -1800 V. The resulting drift 
field sweeps electrons through the grid and into the MWPC. The MWPC 
consists of anode plane “E”, which is composed of alternating anode 
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and field shaping wires, centered in the 10 mm wide gap between the 
grid and aluminized mylar cathode “D”. Cathode “D” operates at -1800 
V. The potential of the field shaping wires is nominally -1800 V, but 
it can be varied to set the desired MWPC gain. Only the signals from 
the anode wires are read out. The active region of each TRD is 1.8 m 
square. 

The TRDs have double gas window construction to provide 
buffer volumes which reduce the diffusion of atmospheric gas into 
the TRD gas system. The active gas volume is contained between a 
pair of 50 urn mylar windows “Al” and “A2” coated with 40 nm of 
aluminum. To the outside of these windows are the buffer volumes 
contained by the two outer windows “Bl” and “B2”. Window “Bl” is 
aluminized mylar, and window “82” is a composite of aluminized 
mylar and aclar. Each buffer has a volume of about 30 1, and it is 
purged at a rate of 30 I/h with an inexpensive gas which is vented to 
atmosphere. The relatively high purge rate greatly reduces the partial 
pressure of contaminants within the buffer volumes and the resulting 
diffusion into the active volume. This technique is sufficient to hold 
the contamination rate of the TRD gas to a manageable level. 

The buffer gas should have low X-ray absorption, since 
the X-rays must pass through it to reach the TRD. The buffer gas 
should have a density close to that of the TRD gas, to reduce the 
variation in differential pressure across the inner windows from 
bottom to top. For example the difference in pressure head, or 
hydrostatic pressure, of 1.8 m tall columns of xenon and air is 0.32 
“H20. Cathode “D” has been made as a separate plane from the “A2” 
window, and gas flow channels through the frame minimize the 
pressure difference between the xenon gas volumes on either side. 
This construction reduces distortion of the cathode from a flat plane, 
both by changes in the operating differential pressure between the 
TRD gas and atmosphere and by hydrostatic forces. 

GAS MIXING STATION 

A two or three component gas mixture is produced from 
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pure gases by a mass flow mixing station. Xenon is preferred as the 
primary component of the mixture, because of its short absorption 
length for X-rays. Other components may be added as quenching 
agents or to optimize ion drift velocity in the gas mixture. 

A flow diagram of the mixing station is shown in fig. 2. 
Refer to Table 1 for a description of the nomenclature used in the 
diagrams of the mixing and recirculating systems. The mixing station 
employs three mass flow controllers with a four channel master 
control module [3]. The flow controllers have full scale ranges of 
1000, 100 and 20 seem at 15 psid. They have been scaled to read 
directly in units of seem for their assigned gases. The flow 
controller outputs connect to a 5 1 mixing tank which has five 
parallel outputs. Output 1 connects to the makeup gas input of the 
recirculating system through valves AV9 and NV4. Output 2 supplies 
the recirculating system initial fill input. Output 3 is connected to 
TRD input buffer tank TK2 to permit direct initial filling of the 
chambers. Output 4, which is labeled Sample Port I, is connected to 
the oxygen monitor. Output 5 is a spare sample port. 

The flow controllers require a minimum of a few psi of 
differential pressure to deliver their specified flow, and thus to 
maintain the desired mixing ratio. Pure gases are delivered from the 
gas supply to the mixing station at a regulated pressure of 10 psig. 
When AV9 and NV4 are open, most of this pressure drop is across the 
flow controllers. Digital control inputs on the master flow control 
module are coupled to the gas system logic to enable the flow 
controllers only when AV 9 is open. This prevents the mixing tank 
from filling with an incorrect mixture ratio when AV9 is closed. The 
primary gas supply pressures are not included in the interlocks, but 
they are monitored periodically as part of a check list. One cylinder 
of each type of gas should be sufficient for an entire running period. 

The function of NV4 is to provide for coarse adjustment 
of the makeup gas flow rate during rapid fill or purge procedures 
when the mass flow controllers are bypassed. NV4 should be fully 
open during normal operation of the system, in order to maximize the 
pressure drop across the mass flow controllers. 
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RECIRCULATION 

Xenon gas presently costs about $12 per liter. In order to 
make the system economically feasible, the mixture must be 
recirculated in a closed loop. The recirculating and pressure control 
system consists of a master control module, a circulating pump, 
pressure and flow control and monitoring, air-actuated automatic 
valve control, oxygen monitoring and purifiers. The system flow 
diagram, shown in fig. 3, also appears on the front panel of the 
master control module. Stainless steel components, plumbing and 
fittings are used in the gas handling part of the system to minimize 
contamination. Quarter turn diaphragm valves and bellows-sealed air 
actuated and needle valves are used throughout. Wherever practical, 
system joints are welded together. The remaining connections employ 
either VCO type o-ring seals or VCR metal gasket seals to minimize 
leaks 141. 

The recirculating gas flow can be followed in a 
clockwise direction around the flow diagram in two partially 
overlapping loops. The bellows pump output flow of about 500 l/h 
passes from pump output buffer tank TK5 through a molecular sieve 
tank (SIEVE 1 or SIEVE 2) to remove water vapor and heavy 
hydrocarbons. The flow out of the sieve tank splits into two parallel 
branches, both of which return to pump input buffer tank TK4: (I) a 
high flow shunt which directly returns about 95% of the total flow 
and (2) the flow through the oxygen removal hardware, TRDs and 
pressure control valve. Capacitance manometers Pl-8 measure the 
pressure in the eight buffer tanks in the system. Limits based on 
these pressures are used to drive alarms and interlocks which apply 
closed loop corrections to keep the system within acceptable 
operation limits, or else automatically shut it down. The pressure 
readbacks also provide important system diagnostic information. 

The shunt flow, which provides for rapid recirculation of 
the gas through the molecular sieve to increase purification, is 
established by back pressure regulator PREG. PREG, whose input 
pressure is regulated with respect to atmosphere, is set to produce a 
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nominal pump output pressure of 200 Torr atmospheric. The pump 
differential pressure is about 400 Torr when the pump bypass needle 
valve NV2 is closed. This sets a sufficient differential pressure of 
about 200 Torr across each the mass flow controller MFCl and the 
pressure control valve PCV in the parallel flow branch through the 
TRDs. Lower system flow may be accomplished either by opening NV2 
to provide negative feedback across the pump or by increasing PREG 
to increase backpressure on the pump output. Opening NV2 lowers the 
pump differential pressure, as shown in fig. 4 for two settings of 
PREG. .PREG=max” corresponds to the minimum clockwise opening of 
the control knob; it provides maximum backpressure and no shunt 
flow. Increasing PREG raises the pump differential pressure, as 
shown in fig. 5 with NV2 partially opened. In practice, NV2 and PREG 
are dependent variables, so a change of one setting may require 
adjustment of the other to keep the pump differential roughly 
symmetric about atmospheric pressure. The system is normally 
operated with NV2 closed. This maximizes total and shunt flows with 
respect to TRD flow, which minimizes the impact of TRD return flow 
variations on system equilibrium. Mass flowmeters F2 and F3 measure 
total system flow into and out of the molecular sieves. 

The low flow branch supplies the TRDs. It contains 
oxygen removal equipment, mass flow controller MFCI (full scale = 82 
I/h of xenon) to set a constant flow rate into the TRDs, and TRD 
pressure control. These parts of the system are described in detail in 
the following sections. 

PRESSURE CONTROL 

Two pressure related conditions affecting TRD signal 
amplitude should be considered. First, fluctuations in the absolute 
pressure of the TRD gas will change the amount of ionization 
produced in a fixed path length. Second, deflection of cathode planes 
by changes in the differential pressure between atmosphere and the 
TRD gas will change the ionization path length, resulting in a change 
in the amount of ionization and drift time. Since absolute 
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atmospheric pressure varies by only about +3% (*lo “HaO), the first 
condition is easily satisfied, provided that the TRD gas pressure 
roughly tracks atmospheric pressure. The second condition demands a 
much higher degree of pressure control, because cathode displacement 
is extremely sensitive to differential pressure. 

Cathode “Al” is referenced through the buffer gas to 
atmospheric pressure, so a pressure change between the TRD active 
volume and atmosphere displaces this cathode. A change in cathode 
position relative to the grid and anode planes changes the ion drift 
distance and drift field, both of which affect ion drift time. Since 
drift time is used to improve particle identification, it is important 
to stabilize this variable. A change in the detector gap also changes 
the amount of ionization deposited by those X-rays which are not 
totally absorbed by the TRD gas. For small displacements the cathode 
behaves like a simple spring with displacement being proportional to 
applied force or differential pressure. A pressure change of 0.01 “Ha0 
(19 mTorr) produces a 1 mm displacement of the equilibrium position 
of the cathode at its center. Differential pressure control at the level 
of about 20.01 “Ha0 is required in order to maintain adequate 
stablility in TRD signal timing and amplitude. 

The three TRDs operate in a parallel gas flow 
configuration between common input and output buffer tanks TKl and 
TKZ, which are located near the TRDs. Mass flow controller MFCI 
supplies a constant flow into TKl. Since it was not cost effective to 
have independent pressure control for each TRD, the control is done 
only at TK2. Pressure transducer P2 measures the pressure difference 
between TK2 and local atmosphere with an accuracy of approximately 
0.001 “Ha0 (2 mTorr). Closed loop control is accomplished with a 
commercial pressure control module which uses the signal from P2 to 
modulate the return flow out of TK2 with pressure control valve PCV 
[3]. Needle valve NVI can be throttled to reduce the pressure drop 
across PCV. NVI is fully open during normal operation, since PCV 
accuracy improves with increased differential pressure. The pressure 
at TK2 is controlled to about kO.001 “H,O. The control setpoint is 
+O.Ol “HaO. This holds the TRD gas at a slightly positive pressure 
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with respect to the buffer gas and atmosphere, in order to prevent 
contaminants from being drawn into the gas system through small 
leaks. 

Since the pressure is controlled at TK2 instead of in the 
individual TRDs, a flow dependent pressure drop across the plumbing 
connecting the TRDs to TK2 introduces a small error in TRD pressure 
with respect to P2. That pressure drop has been measured to be 0.005 
“Ha0 at 30 l/h flow of nitrogen. The maximum error in normal 
operation is estimated to be 0.0067 “HaO, when PCV is wide open and 
flowing 120 l/h (40 l/h for each of the three TRDs). 

The system initially responds to a step function 
atmospheric pressure change in the following way. Since TRD output 
flow rate is limited by the impedance of five relatively small flow 
channels in parallel (0.00017 “HaO/l/h), the existing gas in the TRD is 
first compressed or expanded in proportion to the pressure change. 
The largest anticipated instantaneous pressure change, about 5% of an 
atmosphere (20 “HaO), produces a displacement of about 1 mm at the 
center of a TRD window. The change in restoring force exerted by the 
tension in a deflected window is a roughly factor of 2000 smaller 
than the gas compressive force, since the window deflection constant 
is only 0.01 “HaO/mm. 

In order to recover to the setpoint differential pressure 
across the TRD windows, the gas system must move the windows 
back to their previous equilibrium positions by adding or removing gas 
to compensate for the density change. The volume change in each TRD 
is approximately 1.2 1 for a 1% instantaneous pressure change. If that 
amount of gas must be added to each of 3 TRDs because of an 
atmospheric pressure increase, the control system will reach 
equilibrium in 6 min by closing PCV to stop output flow, while 
maintaining the constant input flow of 12 l/h/TRD. Conversely, if 
that amount of excess gas must be removed from each TRD because of 
a decrease in atmospheric pressure, the control system will reach 
equilibrium in 2.6 min by fully opening PCV to exhaust 40 l/h/TRD, 
while the constant input flow of 12 l/h/TRD is maintained. 

The speed of response to a change in the differential 
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pressure control setpoint is determined by the time required to 
adjust the TRD gas volume to achieve the new equilibrium window 
positions. As previously noted, a pressure differential of 0.01 “Ha0 
will deflect the TRD windows by 1 mm at the center, which 
represents a change of about 5% in the 120 I TRD gas volume. 
Accomplishing this volume change under the same control system 
parameters described above requires about thirty minutes. Since the 
time response of the system to set point changes is very slow, 
caution must be exercised to wait long enough for the system to 
reach the new equilibrium condition before other dependent 
parameters are adjusted. 

The pressure control system causes the TRD gas 
pressure, and similarly the gas density, to track atmospheric 
variations in order to maintain a constant anode to cathode gap. A 
constant volume is maintained in the TRDs. The rest of the system is 
also a fixed volume; however, the differential pressure between some 
points in this part of the system is permitted vary by a relatively 
large amount. In order to avoid having to vent gas from the system 
each time the atmospheric pressure falls and having to add fresh 
makeup gas each time the pressure rises, the 48 I reservoir tank TK9 
has been included between TK4 and TK5. The nominal pressure in the 
reservoir is 760 Torr absolute, but it can vary by up to k200 Torr. 
This provides a storage capacity of +13 I-atm, which is sufficient to 
accomodate 5% density changes in the rest of the system. When the 
circulating system pressure becomes too low, AV5 automatically 
opens to transfer gas from the reservoir to TK4. Conversely, when the 
circulating gas pressure becomes too high, AV3 opens to transfer gas 
from TKS to the reservoir. If reservoir limits are exceeded, AV9 will 
add fresh makeup gas, or AV4 will vent gas to the recovery system as 
required to return to the operating range of the reservoir. 

ONLINE REPURIFICATION - MOLECULAR SIEVE, RIDOX AND OXISORB 

The effect of gas permeation through the TRD windows is 
to raise or lower the partial pressure of each species of gas inside, 
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depending on that gas’s permeability constant and its pressure 
differential across the windows. This differential diffusion of TRD 
gas mixture components as well as atmospheric contaminants must be 
considered. The TRD gas candidates should have low permeabilities to 
minimize gas loss and to maintain a stable mixture ratio. In addition, 
two limits on contamination by permeation of external gases into the 
TRD gas system must be considered. First is the equilibrium 
concentration inside each TRD of contaminants entering through the 
windows, assuming some reasonable flow-through rate of pure TRD 
gas. Second is the level of these contaminants that will build up in a 
recirculating system with limited purification capacity. 

One prototype TRD was operated during a two week beam 
test period in 1990. At that time a combination of clear and 
aluminized mylar windows was used. The TRD gas mixture ratio was 
chosen to be 90% xenon and 10% CO,, and the buffer volumes were 
purged with 100% CO2 at a flow rate of 28 l/h. During that run we 
found that the permeability of the TRD windows to xenon was 
negligible; however, the permeability to CO* was significant. The net 
permeation rate of CO, from the high concentration in the buffer 
volume into active volume was calculated to be about 1 l/day. This 
produced a continuous rise in the recirculating system pressure and 
an unacceptable dilution of the xenon. 

After that test run a facility was assembled to measure 
the permeability of several window materials to a variety of gases 
ISI. The materials chosen for the TRD windows described in the TRD 
CONSTRUCTION section are based on the results of these studies. In 
future runs a series of TRD gas mixtures will be evaluated, starting 
with 90% xenon and 10% CO*. Argon or N2, both of which have 
relatively low permeability, will be used as a buffer gas. 

One other problem that occurred prior to the test run 
made it impossible to stabilize the gas mixture or make accurate 
online permeability measurements. One of the windows between the 
TRD and buffer volumes had a leak as the result of an earlier chamber 
wire repair. In order to prevent buffer gas from being drawn into the 
TRD through the leak, the set point for chamber differential pressure 
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P2 had to be positive by a large enough amount to ensure outward 
flow of the TRD mixture during the most severe atmospheric pressure 
changes. The resulting leak rate was typically considerably larger 
than the rate of permeation through the windows. 

The TRD windows have a relatively high permeability to 
water vapor, and lower but still significant permeability to several 
other gases. Water vapor, O2 and N2 are the principal gases that 
degrade chamber performance. The maximum tolerable concentrations 
of water vapor and Nz are 1% each, and the maximum for O2 is 50 
ppm. This amount of each contaminant reduces TRD gain by about 10%. 
Gas returning from the TRDs is passed through a molecular sieve to 
remove water vapor and heavy hydrocarbons and through a catalytic 
purifier to remove 0,. The gas is then sent back to the TRDs. The 
system does not have the capability to remove Nz online. 

Two molecular sieve tanks are built into the system. 
While one is online, the other can be regenerating. Each tank contains 
IO Kg of Linde type 3A sieve pellets. The primary function of the 
sieves is to remove water vapor. Sieve water capacity at room 
temperature is approximately 20% by weight, or roughly 2500 1 of 
water vapor at a partial pressure of 1% of an atmosphere. Type 3A 
sieve adsorbs a relatively small amount of CO* and virtually no xenon. 
The sieves can be regenerated in place by heating to 100°C and 
pumping with a vacuum pump for a few hours. 

Oa removal is done in two stages. First, IO Kg of an 
activated copper catalyst RIDOX R-30 operating at 60°C is used to 
reduce the O2 concentration to less than 50 ppm by forming copper 
oxide l61,171. The catalyst has a relatively high capacity of 20 
atm-liters of 0, at a pressure of 38 mTorr (50 ppm), and it can be 
regenerated in place. The RIDOX is followed by an Oxisorb commercial 
purifier with activated metal and molecular sieve elements [81. The 
Oxisorb can remove Oa to a level of less than 0.1 ppm, as well as 
removing other impurities: however, its capacity is only 14 
atm-liters of O,, and each regeneration by the manufacturer costs 
$500. We found that the RIDOX alone provided adequate gas purity for 
the recent test run, so the Oxisorb was not used. We anticipate using 
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the Oxisorb once the system has stabilized during data runs. 
The RIDOX regeneration process involves heating the 

catalyst to 15O’C and passing a mixture of 5% Ha plus 95% inert gas 
through the tank at a flow rate of 4500 l/hr for 2 hrs. H2 gas reduces 
the copper oxide to pure copper plus water vapor. The resulting 
mixture of gases is vented to the outdoors. The 5% H2 concentration 
is below the flammable range. 

RECOVERY FOR OFFLINE REPURIFICATION 

Two conditions generate levels of impurities that cannot 
be handled by the online purifiers. First is the initial fill procedure, 
when the xenon mixture is introduced into the system and must 
displace a large volume of purge gas from the chambers. The online 
purifiers do not have enough capacity to effectively remove the 
system volume of purge gas. Second, during the steady state running 
condition some contaminants that are difficult to remove diffuse into 
the system through the chamber windows at a relatively low rate. It 
is also desirable to have a technique for recovering the xenon from 
individual chambers that have to be opened for repairs during a 
running period, and from the entire system volume at the end of a 
running period. A cryogenic recovery system has been installed by 
Spectra Gases, Inc. to store the contaminated mixtures, which can be 
returned to them for repurification at a cost of $1.7511 of recovered 
xenon [91. Even though some xenon is lost in the recovery process, the 
cost of recovery is still considerably lower than the cost of simply 
replacing the gas. 

In this scheme a selectable fraction of from 1% to about 
50% of the recirculating gas can be diverted through MFC 2 (17 I/h 
full scale flow at 1 atm) to one of a pair of recovery tanks cooled to 
liquid nitrogen temperature. The recovery tank liquifies most gases 
from the system, so it has a very large capacity in terms of gas 
volume. The small apertures in the valves in the lines to the recovery 
system prevent backstreaming, provided that the total vapor pressure 
of all gases in the recovery system is lower than the pressure in the 
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recirculating system. This feature permits the accumulation of gases 
having a liquifaction temperature below that of liquid nitrogen up to 
about half an atmosphere in the recovery tank. Of particular interest 
to us, a recovery tank can accomodate several liters of nitrogen gas. 

A recovery tank is considered full and is valved off when 
its pressure has risen to within 5 psi of the pressure at the point in 
the recirculating system from which gas is being removed. This is 
accomplished automatically with photohelic pressure gage P9, which 
measures the differential pressure across MFC2. When the full tank 
has been isolated from the recirculating system, the other recovery 
tank can be valved online. The full tank is then warmed to room 
temperature, and most of its contents are transferred to a larger 
room temperature storage tank by letting the two tanks reach the 
same pressure. The contaminated recovery tank can then be isolated 
and cooled down for another recovery cycle. After several cycles the 
storage tank pressure becomes large enough to limit the effective 
transfer of gas from the recovery tanks. At that point the storage 
tank is removed from the system and sent to Spectra Gases, Inc. for 
repurification of its contents. 

The initial fill procedure consists of the following steps: 
(1) Isolate the TRDs from the recirculating system. (2) Flow an inert 
purge gas such as CO2 through the TRDs at a high rate for long enough 
to flush out most of the contaminants. This purge gas must have a 
lower density than xenon to prevent gravitational mixing, and a low 
diffusion coefficient to minimize mixing by diffusion when xenon is 
introduced into the bottom of the TRDs. (3) Evacuate the rest of the 
gas system, regenerate purifiers and fill them with the TRD gas 
mixture. (4) Valve off the purge gas supply to the TRDs and open only 
the bottom inlet port and the top exhaust port of each TRD. (5) 
Introduce the TRD gas mixture into the bottom of each TRD to push 
the purge gas out the top exhaust port to atmosphere. (6) After 
approx. 90% of filling time, connect the output to the gas recovery 
system and continue to fill. (7) After about 1.1 fill times, valve the 
recirculating system online into the normal running configuration. 

Some contaminants, such as Nz, which slowly permeate 
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into the,recirculating system, cannot be removed with the existing 
online equipment. To hold such contaminants to acceptable 
concentrations, a small constant fraction of the circulating gas is 
diverted to the cryogenic recovery system through MFC2. 

Gas must occasionally be removed from the recirculating 
system to stay within preset operating limits. The excess gas can be 
diverted to the recovery system automatically via AV4 or manually 
via AV7. To “empty” a chamber or the entire recirculating system, 
purge gas is added while flowing two chamber or system volumes to 
the recovery system via MFC2 at the maximum rate of 17 l/h. 
Assuming that the purge gas and the xenon fully mix by diffusion, two 
volume changes should recover 90% of the xenon. 

All lines to the recovery system must be protected 
against backstreaming of contaminants. This is accomplished with 
interlocks which permit AV4, AV6 and AV7 to be opened only if the 
forward pressure drop P9 across MFC2 is greater than +5 psi. 

FILTERS, FLOW RESTRICTORS AND CHECK VALVES 

Mechanical hardware has been installed to provide 
filtering and to limit flow and pressure at critical locations in the 
system. Filters reduce particulate damage to mechanical components. 
Flow restrictors limit the rate of change of selected system 
pressures and limit the rate at which expensive gases can be vented 
from the system. The buffer tanks in the mixing and recirculating 
system have been designed to operate at a maximum of 30 psig. 
Excluding the TRD chambers, this is the lowest limit in the system, 
and it establishes the limit at which most of the system must have 
pressure relief protection. 

The performance and lifetime of a number of components 
in the system, such as valve seats and guides and the bellows pump, 
can be adversely affected by particulate contamination. Two micron 
pleated mesh filters FILl-3 are located in each primary gas supply 
line. Similar filters FILS-6 on the output of the molecular sieve tanks 
and FIL7 on the output of the RIDOX catalyst tank trap dust from 
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these purifier devices in normal gas flow. A single filter FIL4 on the 
output of the circulating pump is designed to catch dust from the 
purifiers in case of backstreaming. 

Sintered metal flow restrictors are used to coarsely 
limit flow at selected points in the recirculating system. Different 
density elements are used, depending on the desired flow at the 
nominal pressure of each point. Rl (IO000 seem at 2 atm) limits the 
rate at which gas can be automatically withdrawn from the 
recirculating system to the recovery system. R2 (10000 seem at 2 
atm) limits the rate at which gas can be manually withdrawn from 
the recirculating system to the recovery system. R3 (5000 seem at 2 
atm) and R4 (1000 seem at 2 atm) limit the flow rate of gas shunted 
through the oxygen analyzer. The analyzer requires a minimum flow 
rate of about 200 seem for reliable operation, but the shunted flow 
must be limited to a modest percentage of the flow to the TRDs in 
order to maintain stability in the control system. 

Two lift check valves CV1,2 are included in the 
recirculating system. CV 1 prevents possible backstreaming and loss 
of purified gases to the recovery system when the circulating system 
is operating in a non-standard mode. CV2 prevents backstreaming of 
gas and particulates from the purifiers when the circulating pump is 
turned off. Lift check valves were chosen because they have a very 
low forward pressure drop. They operate by gravity, so orientation is 
important. 

PRESSURE RELIEFS 

The gas system has four sections with different pressure 
ratings. The first section, which consists of the primary gas 
cylinders and the input stage of the pressure regulators in the gas 
storage shed, is rated at 2500 psig. The second section, the output 
stage of the pressure regulators, the lines to the gas mixing station 
in the north PortaKamp, and the mass flow controllers in the mixing 
station, is rated at 150 pisg. The third section, the rest of the 
system excluding the TRDs, is rated at 30 psig. The fourth section iS 
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the TRDs, which are rated at 0.1 inch of water. The system is 
protected against overpressure by three types of mechanical devices: 
spring loaded relief valves, rupture disks and oil-filled bubblers. 

The output stage of each pressure regulator in the gas 
shed contains an integral 150 psig relief. This protects section two. 

Section three is protected by two types of relief. When 
all three purifiers (molecular sieves and RIDOX) are valved off, the 
circulating loop and the mixing tank are protected with 30 psi reliefs 
exhausting to the recovery system. The recovery system normally 
operates at a partial vacuum, but it has its own 1 psi emergency 
relief to the atmosphere. In the worst case, with all purifiers valved 
off and the recovery system “full”, section three could reach 31 psi. 

If a contaminated purifier were accidentally heated for 
regeneration while isolated from both the recirculating system and 
the vacuum pump, a high pressure could result from the gas 
desorption process. Therefore, a 1 psi spring loaded relief valve in 
series with a 14 psi rupture disk is included on each purifier tank. 
The reliefs from the three tanks empty into a common line which 
vents to atmosphere outdoors. Rupture disks were chosen because low 
pressure spring loaded reliefs may not completely reseal after being 
actuated. Spring loaded reliefs are included to prevent most of the 
backstreaming of atmospheric contamination through a ruptured disk. 
When any one of the purifiers is online, it also provides section three 
of the circulating system with this 15 psi relief to atmosphere. 

Since the rupture disks vent directly to atmosphere, gas 
leaking at this point cannot be recovered. A flow monitor has been 
installed in the common vent line to prevent excessive gas loss. The 
monitor consists of a 0.05 “Ha0 pressure switch connected in parallel 
with the 30 m length of 3 mm ID tubing which forms the vent line. 
The switch trips at a flow of less than 2 seem, and it automatically 
shuts down the recirculating system. In case of a large leak through a 
rupture disk, the long small diameter vent line restricts flow to 
about 4 slpm at 15 psid. 

The TRDs are protected by bubblers which vent to the 
local atmosphere. The bubblers have an intermediate buffer volume to 
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trap bubbling fluid that might otherwise be drawn into the gas 
system by negative pressure. Since the bubblers vent directly to 
atmosphere, they are a potential loss point for the gas mixture. They 
are located in a radiation area and are not directly accessible, but 
their status is periodically monitored with a video camera. 

OXYGEN MONITOR AND ASSOCIATED AUTOMATIC VALVE CONTROL 
MODULE 

The TRDs are highly sensitive to O2 contamination. A 
monitor has been installed to permit measuring the O2 concentration 
at any one of four points in the recirculating system. The monitoring 
point is selected with quarter-turn manual valves on the recirculating 
system master control panel. Inline porous metal flow restrictors 
establish acceptable flow rates through the monitor. 

The monitor requires periodic calibration. A zero gas, 
which has less than 5 ppm Os, is used to set the zero response of the 
monitor. A reference gas mixture with 500 ppm O2 is used to set the 
scale factor. These two monitor variables are dependent, so several 
iterations may be required to reach the desired setpoints. 

The monitor flow control logic, shown in fig. 6, employs 
four push button switches to control three input pneumatic valves and 
two output pneumatic valves. All valves are closed on power up, or by 
pushing the VALVES CLOSED button. Selecting TRD GAS opens the 
input valve supplying gas from the recirculating system and the 
output valve returning gas to the recirculating system, and it closes 
the other three valves. Selecting either ZERO GAS or REFERENCE GAS 
closes the two TRD gas valves, and opens both the appropriate input 
source valve and an output valve vented to atmosphere. The logic is 
designed to operate in a “failsafe” mode to the extent that it 
minimizes the venting of TRD gas to the atmosphere or the 
contamination of TRD gas with Oz. 

During normal operation the monitor is set up to measure 
the O2 concentration at the input to the Oxisorb commercial purifier. 
A relay output from the monitor enables the recirculating system only 
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when the 0s concentration is less than 50 ppm at this point. This 
feature protects the Oxisorb, which has a relatively low capacity, 
from being quickly saturated if the RIDOX should malfunction. 

A manually valved sample port at the O2 monitor input 
permits withdrawing gas from any one of the four locations in the 
recirculating system for offline analysis by gas chromatography. Gas 
samples can also be withdrawn from the mixing tank of the gas 
mixing station. Fig. 7 is the chromatograph output for a reference gas 
mixture of approximately 40% argon, 10% CO2 and 50% xenon. Fig. 8 is 
the chromatograph of a gas sample drawn from the output of the TRD 
gas mixing station. Fig. 9 is the chromatograph of a sample taken 
from the TRD output during beam tests on 8/23/90. Fig. 10 is a 
chromatograph of a sample taken from the TRD output on 8/27/90. 
The split peak in fig. 9 demonstrates that the analyzer can resolve 
argon and NZ. Na is the earlier peak. A comparison of Figs. 9 and IO 
suggests that the Nz concentration was increasing during this running 
period. This is consistent with the fact that the TRD had significant 
leaks, which allowed atmospheric N2 to diffuse into the system at a 
greater rate than it was being removed in the fraction of gas being 
diverted to the recovery system. Meanwhile, the concentration of 
argon, which had been introduced in the initial TRD purge, decreased 
since it was being removed to the recovery system without being 
replaced. 

SYSTEM AUTOMATIC VALVE CONTROL 

The mass density of gas in the constant-volume 
recirculating loops must track atmospheric pressure changes 
reasonably closely to maintain the loop pressures within the range 
required by the analog pressure and flow controllers. This is 
accomplished automatically by transferring gas to or from storage 
reservoir TK9 with a system of pneumatic control valves. The valves 
are operated with relay logic based on preset pressure limits. The 
quantity of gas transferred in each operation is proportional to the 
amount of hystersis, or deadband, set in the pressure limit hardware. 
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The circulating system includes nine pneumatically 
actuated valves AV l-9, nine pressure transducers PI-g, two 
pressure switches PSl,2 and the oxygen monitor. The valves can be 
operated either automatically or manually from a master control 
module which contains relay logic based on various system pressure 
and O2 concentration limits. The relay logic is shown in fig. 11. All 
valves are the normally closed type, to ensure that the system shuts 
down in the proper state in case of loss of actuating gas pressure or 
electrical power. An audible alarm sounds locally to indicate system 
shutdown, loss of pneumatic valve actuating gas pressure, or 
insufficient vacuum in the recovery system. 

Gage pressures PI-8 are measured with Baratron 
capacitance manometers. These pressures are monitored with two 
five channel power supply and display modules (MKS PDR-SB). Each 
module also contains five independent limit relays which can be 
assigned to any combination of inputs. Each module displays one 
manually selected pressure or limit at a time. Pressure switch PSI 
monitors the status of the pneumatic valve gas supply pressure, and 
PS2 monitors leaks through the rupture disks. Two other limits, one 
from photohelic differential pressure gage P9, and the other from the 
O2 monitor, are also used in the automatic valve control logic. 

The standard limit/alarm circuitry in the PDR-SB 
accomodates only positive limit settings of O-IO V, a fixed deadband 
of 13 mV, and ascending type alarms. The circuitry for each limit has 
been modified to meet the requirements of this application. Since 
some system pressures and limits are negative, the range of limit 
adjustment has been made symmetric about zero. All of the limits in 
this system are less than t3 V, so the adjustment range has been 
decreased to ?3 V to improve the stability in the adjustment 
potentiometer setting. The deadband, or differential between on/off 
for increasing versus decreasing input levels, has been made 
adjustable over the range 13-40 mV, since some valves would cycle 
too frequently at the minimum deadband setting. 

Failsafe interlocks require the use of normally open 
relays. The relays must be energized to permit system operation. This 
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protects the system in case of power failure or an open circuit in any 
of the wiring. A failsafe “ascending” type alarm, one in which the 
relay is energized to permit system operation only at pressures below 
(more negative than) the limit, is required to establish maximum 
pressure limits. A failsafe “descending” type alarm, one in which the 
relay is energized only at pressures above (more positive than) the 
limit, is required to establish minimum pressure limits. Both types of 
alarms are required in this system, so a switch and appropriate 
circuitry has been added to each alarm channel to permit selection of 
either ascending or descending type. 

The system limits used in automatic valve control are 
tabulated in Table 2, and the control logic for each valve is shown in 
Table 3. Gas is added to or removed from the circulating loops based 
on various limits on P4, the pressure in TK4. Most gas density 
changes can be accomodated by buffer tank TK9, either by 
transferring gas from the circulating loops into the tank via AV3, or 
by transferring gas back to the recirculating loops via AV5. When the 
required change exceeds the capacity of the buffer tank, fresh makeup 
gas is added via AV9, or excess gas is dumped to the recovery system 
via AV4. When the system is unable to correct itself, and a second 
tier of limits is reached, the system will automatically shut down, 
with AVl and AV2 isolating the TRD chambers and AV8 isolating the 
Oxisorb purifier. The opening of pressure switch P.52, which indicates 
gas loss through a rupture disk, will also automatically shut down the 
system. In addition, the constant bleed to the recovery system 
through MFC2 can be isolated with AV6. AV7 permits manual venting 
of gas to the recovery system. Both the manual and automatic opening 
of AV4, AV6 and AV7 are inhibited by a low limit set on P9. This 
prevents backstreaming of gases from the recovery system when it 
has insufficient vacuum to remove gas from the recirculating system. 
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TABLE 1 NOMENCLATURE USED IN FLOW DIAGRAMS 

AVl-9 

CVI-2 

Fl-4 

FIL l-7 

MFCI-2 

NV]-4 

Pl-9 

PCV 

PREG 

RI-5 

PSI-2 

TKl-9 

V 

Pneumatically Actuated Automatic Valve 

Check Valve 

Mass Flowmeter 

Particulate Filter 

Mass Flow Controller 

Manual Needle Valve 

Pressure Transducer 

Pressure Control Valve 

Backpressure Regulator 

Flow Restrictor 

Pressure Switch 

Tank 

Manual Valve 
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Table 2 TRD GAS SYSTEM PRESSURE AND LIMIT ASSIGNMENTS 

PDR PDR LIMIT THRESHOLD 
!alINPUT(TVPE) -IsmA 

Al Pl nP2H(D) 0.200 2000 K2 <P2HH JI-A 

A2 P2 nP2L(A) K3 >P2LL JI-C 

A3 P3 P4HH(A) K8 =-P4HH Jl-E 

A4 P4 P4H(A) K >P4H Jl-G 

A5 P4L(D) 

min 

min 

40 

40 

40 K -=P4L Jl-J 

Bl P5 P4LL(D) KlO cP4LL J2-A 

82 P6 nP5H(D) 

nPSL(A) 

-0.200 -2000 

-100 -100 

-150 -150 

-250 -250 

-300 -300 

250 250 

100 100 

0.100 100 

40 

min 

min 

min 

K4 xP5H J2-C 

83 P7 KS >P5L J2-E 

84 P8 PBH(A) Kl2 >P8H J2-G 

B5 J2-J 

Photohelic nP9L(A) I psi K7 >P9L J3-A 

Oxy. mon. nxppm(D) Kl J4-A/B 

AV gas nPSIL 

Rupture nPS2H 

100 ppm 

75 psi K13 

-wm 

>PSlL 

0.05 “Hz0 K12 cPS2H J7 

DEAD- 
BAND 
ln!L 

LIMIT RELAY BURNDY 
RELAY ON IF: PIN 
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Table 3 PNEUMATIC VALVE LOGIC EQUATIONS 

LOGIC REQUIREMENT TO OPEN VALVF 

Z = nxppm02 * nP2H l nP2L 
* nP5H l nP5L l nPS2H 

RELAY NUMBERS 

KliK2*K3*K4*K5*K12 

AVI q Z 

AV2 = Z 

AV3 = Z * P4H 

AV4 q Z * P4H * P4HH * nP9L 

AV4 (manual) = nP9L 

AV5 = Z l P4L 

AV6 = Z * nP9L 

AV6 (manual) = nP9L 

AV7 (manual only) = nP9L 

AV8 = z 

AV9 q Z * P4L * P4LL 

AVlO, AVll, AV12, K15, Kl6 unused 

Z 

Z 

Z*K6 

Z*K6*K7*KIl 

Kll 

Z*K8 

Z*Kll 

Kl I 

Kll 

Z 

Z*K8*K9 

AUDIBLE ALARM REQUIRES: Z + K 11 + K 13 
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Fig. 3 Master module flow diagram 
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Fig. 4 PUMP DIFFERENTIAL PRESSURE vs. NV2 OPENING 
for two PREG settings 
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Fig. 5 PUMP DIFFERENTIAL PRESSURE vs. PREG OPENING 
with NV2 open 2.0 mils 

366- 

2W- 

im - L 

o!..,..,..,..,..,.. 
1.5 2.0 2.5 3.0 3.5 4.0 4 

PREG OPENING [turns] 

5 





@! co 
2 
3 
ii .- 
E 

3 
ul 

I’: 
n 

i:, 
:I? 
dl 

13 
* 
. . 
33 
Ll, 
. . 
171 
,Z$ 

13 
IT, 
-..,_ 
(q 
,p, 

,-,-, 
,y# 

,..A 
‘rL I’ ‘I .- 

I:,:: 
ILLI 
ICI ‘Z 
SF-. 

,:i 
?, 

,G -I 
cc 

4 

!=I 
‘3 
IT 

;:r 

;‘..I 

81 
w 
IX 
41 

Y 
E 

‘.I3 N 
I’.- II3 m 
* PI ‘0 

. * . 
I=Ic;IrnT 

.: 
i: 

“7 P, i 
;;“, lfj : 

. . .: 
?4d-?l-(: 

80, M d 4: 
I’D n ” am: 
‘?I- -4 .A 4z,i 
,,i P,- * I‘-: 
,o ,y fJy, I:‘,) 

‘.I2 4-u ITI: 
I:0 a “‘I’ 
TP, d ;’ 
74 ‘: 

, NJ, ,J.,j 
‘:a Is IA, -I: 
,; ; gp..; b-y 

‘.O Q, Lo : . .: 
‘2;c5,.,. * a/ 

.A;: 
s:r: <J ::,r 

- --2 



co 

p, ‘, it ..,; 

a:0 ,:Tt -i ,‘T( .,,L I i- 2 

-ri 
II 

I ‘: 

I.,) ” ‘I IL 
:I 

I..‘, 
I,.‘, 

*. 
14 
iSI 
. . 
iz, 
~7 
,x, 
‘LYrl 
-‘,.. p,.e, 
a:.,, 
7. 
‘:I:! 
r, A 

,,‘:a 
I:,,, 

tf 

I 

I - 

ccl 
La I; 

1x1 0 :I; .- t- 
$w” 

I:r, 
‘“11 
‘:;I 

r 3. 
. ( “; 0:: 

0.c 

or ti R :y 

IK 
NC, 

z 
2 

‘I 

._ 
LU 
I.2 ,.- 
,:.r; 

a:,,, 
,,,..f 

. ..F .L .._ ,.-I 
,::I. 

,.,; 

I=r 
1,7 
:I 

I% ,,:- 

p; 

I..11 
.-I 
,M 
LL 

I-;; 
w 

L <“Y 

r:, 
IU 

:5 
g 

I.- 
,i: 

;.. 

L5 
s 

ul E 
‘cc z 

fcnrf 
I”‘, r. IT, 
?-I I”4 ID 

” . . . Et 19 In r( 

I,-, r”, IZI cl) I’.“, 1-q 
vi ? A 

1,j I’-‘I .+ + 
1’1 IX, 11, ,a 
1:1:1 CL, I’.‘, u, 
10 -I d 14 
r’.. C’,, I:#, UT, 

I-‘*, rl 4 
19 0 
I”,‘, P- 

.‘,, 

I)) 1”‘, ,“..‘, 
I‘.. IT, ‘.I, lyq 

I . . ,:z, d 1”“t (r-; 

f (4, I\..‘, 
i.TI I,%, ri:, 

In w 
. . . . 

:::t 10 0, I’.-. 
rl co 

i5 
0” 5 
“cut t0lU 
zox 

--._.-__ 
--------r-T--- T-,-~------.-- 



E 
0 
k 

ii? .I 
E 
3 

E 

Q) 

.* 
IA 

‘:I , ‘5, 

1 
:’ 

.:- i 

1::r 
,:I; 
.” 
t:r 
(51’ 
. . 
VI 
r?, 

I:;, 
1:Q 
Y,. 
p, 
L’J 
x_ 
$j 

’ u::I 
I:‘,, 

::,:,:: 

“‘7 ..,._. 
I...+ 

,:ii 

,:l;, I:::I 
,..__ 

l..i:, 
,:‘>, 

“‘? ,.L... b-3 
,::I3 

.r, 

::.::: 
1.u 
w ,-y ..I... 61 

“‘7 ..I.._ 
“-8 ..- 
i:t:.: 

‘I? i 

,::a 
I=, 
x ,.__. 
LI1 
:r: 

‘?j 

II; ,..I 
I..,.. 

1.7 
‘7 

. . 
k- 
r.,:, 
::- 
. ..I 
17: -7,. . . . 
(T.7 

I,- 
I’l: 
ICC 

,.L - ,. .t.. 

$ 

1% 
.$ 
% 

< 

J 

I,“, r.- ‘:):I 
I’,‘, l’.- ,q- 
74 ?,‘I 1.D 

. . s:d ,& n:s, .,:, 

Ll’:, I“.‘) 
,a 0) 
I”,‘, I?,, 

. . . 
.,:I .+ + 

I:i, I’.“, .q+ + 
IZ! QI IX, IS, 

?P P,- .:-I l’i 
,I.., 1:1:, i\.‘, f.7, 
I’... #SO c,:, ,:,:I 

I::0 I’... by, 
rh to 4 

‘:‘,, I.,) 
7-I !:1, 

I:!:, Ii:, p- 17'1 '"T I:',, 
. . (2, r., p,.; i(.; 

p.- .rt cr., 
I”.“, p, p,, 
w, m cc, 

*ri 4,-j p..: ,& 
p, ,,i, 

0’ 
2 
wz 
:: = 
ahlg 
t0lU 
20X 



St k 25 
z I- 
5 * F .- E 3 5 2 0 

0 
F 

.+ 
IA 

%e ;z 
z cu L 
2 b-4 I+ 

-1 ILLI 
!E :Z 

10 e II) 

!x ,a 
I:‘,, 

“y 
13 
1’3 

II’;, ‘(c 
( ~~ *i $ ; 

la 6 I..i 
,:a ::.< !..!,. 



0 .- 
ti 
E 
.E 
8 
.% 
5 .k 0 
0 
‘5 
s 
g 
5 
0 .- 
z;i 
i 
2 
7 r 
dr .- LL 


